Background Obesity is an established risk factor for endometrial cancer. Less well understood is the role of weight gain and weight change in determining risk.
Introduction
Research over the past 30 years has shown that obesity increases risk of endometrial cancer. 1 Women with more adipose tissue tend to have increased levels of endogenous oestrogen, which is accompanied by increased proliferation of endometrial epithelial cells and subsequent higher risk of endometrial cancer. 2 Obese women are also more likely to have increased levels of bioavailable oestrogen as a result of decreased sex hormone binding globulin (SHBG) levels. 3 In addition, obese women are more likely to have anovulatory cycles and decreased levels of progesterone; this increases risk of endometrial cancer as a result of heightened endometrial cell division during anovulatory as compared with ovulatory cycles. 2 While obesity is an established risk factor for endometrial cancer, the role of weight gain and weight cycling is not well understood. In order to further explore the associations between different aspects of weight and endometrial cancer risk, data from a population-based case-control study were examined.
Methods
This analysis was performed with data from a population-based case-control study conducted in Wisconsin in 1992-95.
Cancer Reporting System, a statewide tumour registry mandated by legal statute. The physician of record for each case received a written letter requesting permission to approach the subject. Cases with a listed telephone number and without a previous endometrial cancer diagnosis were eligible. Of the 856 women identified as eligible, 6 (0.7%) were not contacted owing to physician refusal, 50 (5.8%) were deceased, 53 (6.2%) refused, and 2 (0.2%) could not be located. A total of 745 case women were interviewed; 87% of those eligible. Owing to missing height and body weight data, five women were excluded from analysis. Endometrial cancer diagnoses were histologically confirmed for 98% of cases according to the tumour registry report.
Identification of controls
Community controls were enrolled based on random selection from population lists of Wisconsin drivers (women 40-64 years of age) and Medicare beneficiaries (women age 65-79). Controls were selected to yield an age distribution similar to that of the cases enrolled in a concurrent study of breast cancer, 4 but otherwise controls were selected at random. Inclusion criteria required that all control subjects have a listed telephone number, have an intact uterus, and be free from endometrial cancer. Of 4362 women identified as potential controls, 88 (2.0%) were deceased, 521 (11.9%) refused, and 35 (0.8%) could not be located. Over 85% of controls (n 5 3718) participated in the phone interview. Following the interview, 1304 controls with self-reported hysterectomy, 6 with unreliable interviews, and 66 with missing height and body weight values were excluded. Data on 2342 controls were available for analysis.
Data collection
Both cases and controls completed a 40 min structured telephone interview. The phone interview elicited information on each woman's height (recent and at age 20) and weight (recent, lowest and highest weight since age 20). Recorded weights excluded times during pregnancy, and the 'recent' time period corresponded to the year prior to the referent date, defined below. Women were asked if they had ever lost at least 20 lb then gained more than half of it back within the same year, how often this happened, and the age at which this last happened. Location of weight gain, specifically on the hips, stomach, or both, was queried for the recent time period. Recent physical activity was evaluated at two levels, moderate and vigorous. Moderate activity was assessed by asking subjects how often they participated in '. . .moderate physical activities like recreational volleyball, softball, brisk walking or leisurely biking.' Frequency of vigorous activity was determined by asking study subjects how often they participated in 'vigorous physical activities, like running, basketball, lap swimming or gymnastics'. Moderate activities correspond approximately to metabolic equivalency scores (METs) of 4-6 and vigorous activities to METs of 7-12. 5 The interview also covered the use of exogenous hormones, smoking status, alcohol consumption, selected dietary items, reproductive history, medical history, and demographic factors. Interviews were administered concurrently for both case and control participants. Questions regarding personal and family histories of cancer and cancer screening were asked toward the end of the interview to maintain blinding of interviewers to the disease status of participants.
Statistical analysis
Only events that occurred before the referent date were included in analyses. The referent date for cases was the date of cancer diagnosis. For controls, the referent date was assigned to correspond to the average diagnosis date among similarly aged cases (~1 year prior to interview). On average, 15.1 months elapsed between diagnosis and interview for cases.
Weight gain was determined by subtracting each participant's lowest weight since age 20 from their recent weight. Weight loss was calculated as a woman's highest weight (excluding pregnancy and breast-feeding periods) minus her recent weight. Weight cycling was defined as losing >20 lb and then gaining more than half the weight back within the same year. Maximum adult weight difference was set as the difference between the lowest and highest adult weights reported by study participants. Quartile category cut-points were defined based on variable distributions among control participants.
Recent physical activity was defined as the level of activity 5 years before the referent date. The frequency of moderate and vigorous activity was dichotomized to reflect no activity and any activity. Dichotomous moderate and vigorous activity variables were cross-classified to represent no activity, only moderate activity, and any vigorous activity. The 'any vigorous activity' group included women who reported both vigorous and moderate activity or reported vigorous activity alone. Women were classified as post-menopausal if they reported natural menopause or bilateral oophorectomy before the referent date.
Odds ratios (ORs) and 95% confidence intervals (95% CIs) for endometrial cancer were produced using multivariate logistic regression models adjusted for potential confounders. All statistical models included age (continuous), age at menarche (4 categories), parity (4 categories), age at menopause (4 categories: premenopausal, ,50, 50-55, 551), smoking (never, former, current), post-menopausal hormone use (never, former, current), body mass index (BMI) quartile, recent physical activity (none, moderate only, any vigorous), and diabetes (absent, present). These variables were statistically significant (P , 0.05) in age-adjusted models. To obtain P-values for trend, we included select variables in regression models as continuous linear terms. Effect modification was evaluated by including cross-product interaction terms in logistic models with body size variables parameterized as continuous linear variables. The analyses described above were performed using SAS version 8.0 software (SAS Institute, Inc., Cary, NC).
Reliability substudy
To evaluate the reliability of the questionnaire, we reinterviewed a sequential sample of control subjects. After an average of 3.4 months (range 5 2-6 months), 188 controls (71%) completed a second interview. The intraclass correlation coefficient (ICC) and 95% lower confidence limits (LCLs) were estimated to evaluate the reproducibility of body-size questionnaire items. 6 Among women interviewed a second time, reproducibility of the interview was high. The ICC for recent weight was 0.93 (LCL 0.91). The ICCs for height, BMI, and highest adult weight were each .0.9. The ICC for lowest adult weight was 0.85 (LCL 0.81).
Results
Cases and controls were, on average, similarly aged (62.9 and 63.3 years, respectively). Endometrial cases were more likely than controls to use post-menopausal hormone therapy, currently smoke, be nulliparous, have younger ages at menarche and older ages at menopause, and to be diabetic. Recent moderate and vigorous physical activity was inversely associated with endometrial cancer risk ( Table 1) . Menstrual cycle irregularity, alcohol intake, and education were not strongly associated with risk of endometrial cancer (data not shown).
Although height was not significantly associated with risk, weight and BMI were strongly related to increased endometrial cancer risk (Table 2) . Compared with the leanest quartile, the adjusted OR for the fourth quartile of weight was 3.44 (95% CI 2.63-4.51 for >77.2 vs <58.9 kg). Similarly, women in the highest quartile of BMI had a 3-fold increased risk of endometrial ). Weight gain since the lowest adult weight was associated with increased endometrial cancer risk; for each 5 kg weight gain, risk of endometrial cancer increased by 21% (95% CI 1.15-1.27). When categorized by approximate quartile cut-points, women with fourth quartile weight gain (>21 kg) had 2.56 times the risk of endometrial cancer (95% CI 1.73-3.78) compared with women who gained 0-7 kg (Table 3) . Lowest weight (r 5 0.53) was not as highly correlated with recent weight as was highest weight (r 5 0.86); most women appeared to gain weight throughout life, so that the time since lowest weight tended to be greater than the time since highest weight. Women who reported sustained weight loss, defined as at least 5 years at a weight that is less than their highest weight since age 20 (excluding weight during pregnancy), had a reduced risk (OR 5 0.72; 95% CI 0.55-0.93) of endometrial cancer. We did not observe an association between magnitude of weight loss and endometrial cancer risk (P-trend 5 0.4).
Adjusting for BMI attenuated the association between a history of weight cycling and risk (Table 3) . Before adjusting for BMI, women who reported a history of losing at least 20 lb then gaining at least half back within a year had 1.72 times the risk of endometrial cancer (95% CI 1.37-2.15). Adjustment for BMI attenuated the increased risk to 27% (95% CI 1.00-1.61).
Location of any extra body weight, before and after adjustment for BMI, was not associated with risk of endometrial cancer (Table 3) . Before adjustment for BMI, women who reported that they did not tend to carry extra weight had a 39% decreased risk of endometrial cancer (OR 5 0.61; 95% CI 0.42-0.88) as compared with women who carried extra weight below the waist, such as on the hips. Adjustment for BMI removed this association.
We calculated the difference between highest and lowest adult weights to consider the relative timing of these weights. Women who reported that their highest adult weight occurred before their lowest weight (i.e. those who lost weight) did not have a statistically significant change in endometrial cancer risk. However, women who reported that their highest weight occurred subsequent to their lowest weight (i.e. those who gained weight) were at increased risk of endometrial cancer (Figure 1 ). We observed a U-shaped curve for endometrial cancer risk by maximum adult weight difference (P for the quadratic term ,0.0001). The OR of endometrial cancer risk for women who gained >30 kg equalled 2.44 (95% CI: 1.59-3.75) compared with women who gained 5-10 kg.
Modifiers of weight gain and BMI
We did not observe effect modification of weight gain or BMI associations with endometrial cancer risk by age, smoking, parity, age at menarche, menopausal status, age at menopause, or physical activity. The cross-product interaction term for weight gain by post-menopausal hormone use was statistically significant; however, analyses stratified by 15 kg weight gain produced similar effect estimates and overlapping CIs for never, former, and current post-menopausal hormone users. We additionally evaluated the OR for endometrial cancer risk by BMI among never, former, and current post-menopausal hormone users but were unable to distinguish a clear pattern of effect (data not shown).
Discussion
More than 25 reports published over the past two decades have confirmed the association we observed of greater BMI and increased endometrial cancer risk, primarily among postmenopausal women, but the relation is also evident to a lesser degree among premenopausal women. 1 We were also able to examine many other characteristics of body size and endometrial cancer.
We observed a significant increase in endometrial cancer risk with increasing weight gained since age 20 in multivariable adjusted models. Our results generally agreed with those in previously published studies. Of 10 prior investigations, 6 reported that weight gain was an important predictor of risk, 7-12 while others did not identify an association between weight gain and endometrial cancer risk. [13] [14] [15] [16] However, past studies have varied greatly in their adjustment for recent BMI and other confounders. 12 We found that this adjustment was essential for the identification of relevant weight periods. We found that women with a history of weight cycling had an increased risk of endometrial cancer after adjustment for recent weight. To our knowledge, only two other studies have evaluated the risk of endometrial cancer associated with weight cycling. 9, 14 Our results generally agreed with those reported by
Swanson et al., where frequent weight cycling (defined as losing and then regaining 20 lb at least 5 times) nearly tripled endometrial cancer risk (95% CI 1.7-5.0) in initial models. However, following adjustment for current weight, this association was attenuated (RR 5 1.6; 95% CI 0.8-2.9). 9 Conversely, French et al. 14 reported no association for endometrial cancer risk by weight cycling or any weight change category among women living in Iowa. Previous research has proposed that the distribution of body fat has implications for hormonal profiles and subsequent endometrial cancer risk. 17 Android obesity, or body fat located primarily on the upper body (stomach, chest), has been associated with increased estradiol and testosterone levels and decreased SHBG compared with gynoid type obesity, or body fat distributed mainly on the lower body (hips, thighs, buttocks).
8,18
The waist-to-hip ratio (WHR) and waist-to-thigh ratio (WTR) are commonly used measures of the relative degree of upper body weight. 2 Studies that examined WHR and/or WTR have reported that women with upper body fat had a 2-15-fold increase in endometrial cancer risk. While we did not explicitly ask for weight at age 18 or 20, the majority of women in our study reported that their lowest adult weight occurred at age 20. Recent BMI probably confounds associations of other body size characteristics and endometrial cancer risk; adjustment for this factor is critical to identifying whether early body weight and/or weight distribution exert independent effects. As we reported previously, BMI modified the risk of endometrial cancer associated with post-menopausal hormone use. 24 Relatively lean women (,25 kg/m 2 ) who used oestrogen alone had the greatest risk of endometrial cancer (RR 5 1.20, 95% CI 1.14-1.27 per year of use; P 5 0.004). 24 This finding was consistent with the additive effect of body weight and either exogenous oestrogen therapy 25 In this analysis, the association between weight gain and endometrial cancer risk was not modified by age, smoking, parity, age at menarche, menopausal status, age at menopause, or physical activity. We observed a borderline significant interaction between BMI and weight gain (P 5 0.06). We are aware of only one other study that has looked at the association of weight gain and endometrial cancer risk stratified by recent BMI. Although Levi et al. did not observe an association between weight gain and endometrial cancer risk overall (RR 5 1.0; 95% CI 0.6-1.5 for third tertile gain compared with weight loss, unadjusted for BMI), there was a suggestion of reduced cancer risk associated with upper tertiles of weight gain among women with BMI > 25 kg/m 2 . 13 Additionally, the authors' use of BMI at diagnosis may have reflected weight change associated with preclinical disease.
Limitations of our study should be considered when interpreting the results. Our study relied on self-reported height, weight, and weight history information. Despite prevalent concerns regarding the accuracy of self-reported weight, we derive confidence from others' reports of high correlation between reported and actual weights for current weight (coefficient 5 0.98), 4 year recall (coefficient 5 0.94), and 28 year recall. 28 Gain 30 or more Figure 1 ORs and 95% CIs of endometrial cancer according to the maximum adult weight difference. Weight loss represents the change after the highest weight prior to the lowest adult weight, while weight gain is the change after the lowest weight prior to the highest adult weight. ORs are adjusted for age, age at menarche, parity, age at menopause, smoking, post-menopausal hormone use, recent BMI, recent physical activity, diabetes, time between the highest and lowest weight, and time since the most recent weight extreme interviews in our study provides additional reassurance regarding the reliability of our data. Further, the high response rates of cases and controls make substantial selection bias unlikely. The study interview addressed participants' maximum and minimum lifetime weights, and the earliest ages at which they occurred. Bias may have been introduced to our calculation of 'time since highest weight' if women initially lost the excess weight and regained it more recently. However, such misclassification would probably attenuate our effect estimates by overestimating the duration of weight loss. In our study population, the reduced risk of endometrial cancer among women who reported that their highest weight occurred at least 5 years before their recent weight may be a conservative estimate of the protective effect of sustained weight loss.
The observed increase in endometrial risk among women with higher BMI and weight gain is consistent with the unopposed oestrogen hypothesis. 30, 31 Ovarian production of oestrogens ceases after menopause and adipose tissue may become the primary source of endogenous oestrogen. 2, 31 Women with greater body weight are also more likely to have decreased levels of SHBG, further increasing levels of bioavailable oestrogen. 2, 30 Exposure to oestrogens unopposed by progesterone results in proliferation of epithelial tissue in the endometrium. Heightened cellular proliferation provides greater opportunity for somatic mutations and replication errors to occur. 30 Oestrogen-stimulated proliferative activity in the endometrium is mediated by insulin-like growth factor-1 (IGF-1). 31 IGF-1 production is inhibited by IGFBP-1, the predominant IGFbinding protein in the endometrium. With greater body mass, especially intra-abdominal fat that may accompany adult weight gain, insulin resistance can result. 31 Insulin resistance decreases IGFBP-1 levels; conversely, progesterone stimulates IGFBP-1 synthesis. 31 Insulin sensitivity typically improves and levels of IGFBP-1 and SHBG increase with weight loss and physical activity. 31 Among premenopausal women, obesity is not associated with increases in bioavailable oestrogen but can cause chronic anovulation. 31 Anovulatory cycles are strongly associated with reductions in progesterone synthesis. 31 Progesterone deficiency has been proposed as the primary mechanism for increased endometrial cancer risk among premenopausal women.
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Conclusions
Our results suggest that the maintenance of leaner body mass and persistent weight loss may reduce endometrial cancer risk.
